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EFFECTS OF AGRONOMIC AND GEOLOGIC FACTORS ON PESTICIDE MOVEMENT IN SOIL: 

COMPARISON OF TWO GROUND WATER BASINS IN CALIFORNIA 

Roberta Welling, John Troiano, Richard Maykoski, and George Loughner 

California Department of Food and Agriculture 
Sacramento, California 

Abstract 

This paper describes the preliminary results of a study conducted by the 
California Department of Food and Agriculture which compares the soil dis- 
tribution of herbicides in two ground water basins in the state. In a pre- 
vious study, residues of several agricultural chemicals were detected in 
numerous wells in two inland ground water basins, while only one contaminated 
well was found in two coastal basins. The present study was designed to 
provide further information on the effects of cultural practices, climatic 
conditions, and soil and geologic factors in each basin on pesticide mobility. 

Soil cores were collected in two citrus-growing regions, one in the San 
Joaquin Valley, and one on the south coast. Information on agricultural 
practices and climatic conditions for four years (1981-1984) was obtained 
from growers and other sources. In order to maximize detection of pesticides 
in deeper soil layers, sites for soil coring were chosen at locations where 
the same procedures for application of herbicides had been practiced annually 
over the same four-year period. Cores were collected in the spring after 
herbicide application and again in the fall after most of the irrigation 
water had been applied. Soil samples were analyzed for moisture content, 
organic carbon content, particle size distribution, and concentrations of 
three commonly used citrus herbicides, simazine, bromacil and diuron. 
Where possible, ground water samples were also collected and analyzed. 
Downward movement of simzaine was monitored in both basins. Within basins 
we examined the effects of irrigation method on herbicides movement. 

In' the spring, at the inland sites, simazine was found in soil and 
ground water samples at 28 feet. At the coastal sites, no simazine was 
detected deeper than 8 feet below the soil surface, and diuron and bromacil 
residues occurred only near the surface. Differences between the two basins 
may be explained in part by the lower organic matter content and higher Per- 
centage of sand in the central valley soil. Irrigation method and amount of 
water applied appeared to have less influence on pesticide movement than soil 
factors or pesticide chemistry. 



I n t r o d u c t i o n  

The  o b j e c t i v e  o f  t h e  ground water program o f  t h e  C a l i f o r n i a  Depar tment  
o f  Food and  A g r i c u l t u r e  (CDFA) is  t o  f o r m u l a t e  a comprehens ive  p l a n  t o  min i -  
mize t h e  movement o f  p e s t i c i d e s  t o  ground water a s  a r e s u l t  o f  normal  a p p l i -  
c a t i o n  o f  a g r i c u l t u r a l  c h e m i c a l s  i n  a c c o r d a n c e  w i t h  C a l i f o r n i a  law. I n  t h e  
c e n t r a l  San  J o a q u i n  V a l l e y  numerous wells h a v e  t e s t e d  p o s i t i v e  f o r  p e s t i c i d e  
r e s i d u e s ,  whereas  i n  t h e  S a n t a  C l a r a  R i v e r  V a l l e y ,  n e a r  t h e  s o u t h e r n  Ca l i - .  
f o r n i a  c o a s t ,  o n l y  o n e  well c o n t a i n e d  p e s t i c i d e  r e s i d u e s  (Cardozo e t  a l . ,  
1 9 8 5 ) .  The  r e a s o n s  f o r  t h e  o c c u r r e n c e  o f  w i d e s p r e a d  ground water con tamina -  
t i o n  i n  o n e  r e g i o n  and o n l y  i s o l a t e d  i n s t a n c e s  i n  a n o t h e r  r e g i o n  h a v e  n o t  
been  a d e q u a t e l y  e x p l a i n e d  t o  d a t e .  

T h e  p u r p o s e  o f  t h i s  s t u d y  was t o  examine  t h e  s o i l  m i g r a t i o n  o f  h e r b i -  
c i d e s  i n  two ground water b a s i n s  i n  C a l i f o r n i a  i n  which c i t r u s  c r o p s  are 
grown,  and t o  i d e n t i f y  s o i l ,  g e o l o g i c ,  cl imatic and ag ronomic  f a c t o r s  t h a t  
c o u l d  a c c o u n t  f o r  d i f f e r e n c e s  i n  p e s t i c i d e  movement be tween t h e  two b a s i n s .  
We c h o s e  sites f o r  s o i l  and ground water s a m p l i n g  i n  t h e  Kaweah B a s i n  o f  t h e  
S a n  J o a q u i n  B a s i n  H y d r o l o g i c  S t u d y  Area, n e a r  t h e  town o f  E x e t e r  i n  T u l a r e  
Coun ty ,  and i n  t h e  Ven tu ra  C e n t r a l  B a s i n  o f  t h e  S o u t h  C o a s t a l  H y d r o l o g i c  
S t u d y  Area, n e a r  t h e  town o f  S a n t a  P a u l a  i n  t h e  S a n t a  C l a r a  R i v e r  V a l l e y ,  
V e n t u r a  County ( F i g u r e  1). Both  b a s i n s  are c o n s i d e r e d  by t h e  C a l i f o r n i a  
Depa r tmen t  o f  Water R e s o u r c e s  (DWR) t o  b e  " s u b j e c t  t o  c r i t i c a l  c o n d i t i o n s  
o f  o v e r d r a f t "  (DWR, 1980) .  

The  u s e  o f  s i m a z i n e  i n  c i t r u s  p r o d u c t i o n  was o r i g i n a l l y  c h o s e n  as t h e  
s u b j e c t  o f  t h e  i n v e s t i g a t i o n  f o r  two r e a s o n s :  1 )  s i m a z i n e  was p r e v i o u s l y  
d e t e c t e d  i n  s o i l  c o r e s  ( Z a l k i n  e t  a l . ,  1 9 8 4 ) ;  and  2 )  h e r b i c i d e s  are  a p p l i e d  
a n n u a l l y  t o  p e r e n n i a l  c r o p s  s u c h  as c i t r u s ,  max imiz ing  t h e  p r o b a b i l i t y  o f  
d e t e c t i n g  r e s i d u e s  i n  d e e p  s o i l  c o r e s .  L a t e r ,  d i u r o n  and b r o m a c i l  were 
added  t o  t h e  e x p e r i m e n t a l  d e s i g n  i n  t h e  c o a s t a l  ground water b a s i n  t o  compare 
t h e i r  d i s t r i b u t i o n  i n  t h e  s o i l  p r o f i l e  t o  t h a t  o f  s i m a z i n e .  

E x p e r i m e n t a l  Des ign  

The  d e s i g n  f o r  t h i s  s t u d y  was b a s e d  on t h e  a g r i c u l t u r a l  p r a c t i c e s  o f  
c o o p e r a t i n g  c i t r u s  g r o w e r s .  From i n t e r v i e w s  w i t h  g r o w e r s  we d i s c o v e r e d  t h a t  
s i m a z i n e  was u s e d  i n  f u r r o w - i r r i g a t e d  c i t r u s  g r o v e s  i n  b o t h  ground water 
b a s i n s .  T h i s  f i r s t  c o n t r a s t ,  t h e r e f o r e ,  was a compar i son  o f  t h e  d i s t r i b u -  
t i o n  o f  s i m a z i n e  i n  s o i l  c o r e s  u n d e r  f u r r o w  i r r i g a t i o n  i n  t h e  i n l a n d  b a s i n  
t o  c o r e s  t a k e n  unde r  similar c o n d i t i o n s  i n  t h e  c o a s t a l  b a s i n .  

I n  t h e  c o a s t a l  r e g i o n  KrovarR (50% b r o m a c i l  and 50% d i u r o n )  was a l s o  
a p p l i e d  u n d e r  f u r r o w  i r r i g a t i o n ,  s o  a second  c o n t r a s t  was made: compar i son  
o f  t h e  v e r t i c a l  d i s t r i b u t i o n s  o f  t h r e e  h e r b i c i d e s ,  s i m a z i n e ,  b r o m a c i l  and 
d i u r o n ,  i n  s o i l  c o r e s  t a k e n  f rom t h e  same ground water b a s i n .  A t h i r d  con- 
trast  was  made w i t h i n  e a c h  b a s i n  t o  compare  me thods  o f  i r r i g a t i o n .  I n  t h e  
i n l a n d  b a s i n  t h e  d i s t r i b u t i o n  o f  s i m a z i n e  u n d e r  f o g g e r  i r r i g a t i o n  was com- 
p a r e d  t o  t h a t  a t  a s i t e  t h a t  was h i s t o r i c a l l y  f u r r o w - i r r i g a t e d .  I n  t h e  
c o a s t a l  b a s i n ,  t h e  d i s t r i b u t i o n s  o f  b r o m a c i l  and  d i u r o n  were compared unde r  
d r i p - i n - f u r r o w  and f u r r o w  i r r i g a t i o n .  

A t o t a l  o f  f i v e  s i tes  were sampled :  t h r e e  i n  t h e  c o a s t a l  b a s i n  and two 



Figure 1 .  Map of California showing study s i t e  locat ions .  



i n  t h e  i n l a n d  b a s i n .  A t  e a c h  s i te  o n e  c o r e  was d r i l l e d  t o  a p p r o x i m a t e l y  40 
f e e t  o r  t o  ground water, whicheve r  was s h a l l o w e r ,  and two o t h e r  c o r e s  were 
d r i l l e d  t o  15 f e e t .  Each c o r e  was d i v i d e d  i n t o  s ix - inch- long  segmen t s .  
Samples  from t h e  d e e p e s t  c o r e  were a n a l y z e d  f o r  h e r b i c i d e  c o n c e n t r a t i o n ,  
p a r t i c l e  s i z e  d i s t r i b u t i o n ,  o r g a n i c  c a r b o n  c o n t e n t ,  and m o i s t u r e  p e r c e n t .  
Samples  f rom t h e  two 15- foo t  c o r e s  were a n a l y z e d  f o r  h e r b i c i d e s ,  o r g a n i c  
c a r b o n ,  and  m o i s t u r e .  

D r i l l i n g  t o o k  p l a c e  twice, o n c e  i n  t h e  s p r i n g  a f t e r  t h e  s p r i n g  app1i.- 
c a t i o n  o f  h e r b i c i d e s ,  and a g a i n  i n  t h e  f a l l  a f te r  t h e  b u l k  o f  i r r i g a t i o n  
water had been a p p l i e d  b u t  b e f o r e  f a l l  h e r b i c i d e  a p p l i c a t i o n .  Well water 
s a m p l e s  were c o l l e c t e d  i n  b o t h  ground water b a s i n s .  T h i s  r e p o r t  d i s c u s s e s  
t h e  r e s u l t s  o f  t h e  s p r i n g  s o i l  s a m p l i n g  and t h e  r e s u l t s  o f  f u r t h e r  well 
s a m p l i n g  i n  t h e  i n l a n d  b a s i n .  

S i t e  S e l e c t i o n  

Both  t h e  S a n t a  C l a r a  R i v e r  V a l l e y  and t h e  n o r t h  c e n t r a l  p a r t  o f  T u l a r e  
County i n  t h e  San J o a q u i n  V a l l e y  have  l a r g e  a c r e a g e s  p l a n t e d  t o  c i t r u s .  A l l  
o f  t h e  s e l e c t e d  s a m p l i n g  s i tes  were l o c a t e d  i n  c i t r u s  g r o v e s ,  i n  a l l u v i a l  
s o i l s  w i t h  loam s u r f a c e  t e x t u r e s .  

V e n t u r a  County 

T h r e e  s o i l  c o r i n g  s i tes  were c h o s e n  a t  a r a n c h  n e a r  S a n t a  P a u l a ,  C a l i -  
f o r n i a  i n  t h e  S a n t a  C l a r a  R i v e r  V a l l e y .  Accord ing  t o  t h e  S o i l  C o n s e r v a t i o n  
S e r v i c e  (SCS) S o i l  Survey R e p o r t  f o r  t h e  V e n t u r a  area ( 1 9 7 0 ) ,  a l l  t h r e e  s i tes  
were i n  S o r r e n t o  loam s o i l s ,  0-2% s l o p e ,  o f  t h e  f ine - loamy,  m i x e d , t h e r m i c  
f a m i l y  o f  C a l c i c  H a p l o x e r o l l s .  T h e s e  are r e c e n t  a l l u v i a l  f a n  s o i l s  w i t h  
l i t t l e  p r o f i l e  development  and h i g h  o r g a n i c  c a r b o n  c o n t e n t  i n  t h e  t o p  meter 
( T a b l e  1 ) .  

Two sites were l o c a t e d  i n  lemon g r o v e s  which  r e c i e v e d  f a l l  a p p l i c a t i o n s  
o f  Krovar  f o r  c o n t r o l  of a n n u a l  weeds.  S i t e  1 was i r r i g a t e d  by d r i p  l i n e s  
i n  f u r r o w s  and s i t e  2 was f u r r o w - i r r i g a t e d .  The t h i r d  s i t e  was l o c a t e d  i n  
a g r o v e  o f  ma tu re  V a l e n c i a  o r a n g e s ,  f u r r o w - i r r i g a t e d ,  w i t h  f a l l  a p p l i c a t i o n  
o f  s i m a z i n e  ( T a b l e  2 ) .  

T u l a r e  C o u n t e  

Two si tes were s e l e c t e d  i n  c e n t r a l  T u l a r e  County  n o r t h e a s t  o f  t h e  town 
o f  E x e t e r .  One s i t e  was a p p r o x i m a t e l y  3/4 mile s o u t h  o f  t h e  o t h e r .  The 
s o i l  was a San J o a q u i n  loam,  o f  t h e  f i n e ,  mixed ,  t h e r m i c  f a m i l y  o f  A b r u p t i c  
D u r i x e r a l f s . ,  w i t h  a s i l i c a - c e m e n t e d  h a r d p a n  o v e r l a i n  by s e v e r a l  i n c h e s  o f  
c l a y  (SCS, 1982) .  The h a r d p a n  c o n t a i n s  numerous c r a c k s  t h r o u g h  which water 
a n d  p l a n t  r o o t s  c a n  p e n e t r a t e ,  and  t h e  c l a y p a n  v a r i e s  i n  t h i c k n e s s .  The  
e r o s i o n a l  s u r f a c e s  on  which San J o a q u i n  s o i l s  h a v e  formed are t y p i c a l l y  t e n s  
o f  t h o u s a n d s  o f  y e a r s  o l d .  

Both  s i tes  were l o c a t e d  i n  10-acre V a l e n c i a  o r a n g e  g r o v e s  w i t h  s i m a z i n e  
and  d i u r o n  a p p l i e d  i n  s p l i t  a p p l i c a t i o n s  i n  mid-autumn and  e a r l y  s p r i n g  
( T a b l e  2 ) .  S i t e s  4 and 5 were i r r i g a t e d  by f o g g e r s ,  a l t h o u g h  s i t e  5 had 
been f u r r o w - i r r i g a t e d  i n  p r e v i o u s  y e a r s .  The f o g g e r s  a t  s i t e  4 were 



T a b l e  1. Comparison of s o i l  and c l i m a t i c  c h a r a c t e r i s t i c s  of c o a s t a l  ( v e n t u r a  

County) v s  l n l a n d  ( T u l a r e  County) s i t e  l o c a t l o n s .  

C h a r a c t e r i s t i c .  C o a s t a l  , S i  te  I n l a n d  S i t e  

S o i l  S e r i e s  S o r r e n t o  Loam San J o a q u i n  Loam 
S o i l  C l a s s i f i c a t i o n  C a l c i c  H a p l o x e r o l l s  Abrupt i  c D u r l x e r a l f  9 

P r o f i l e  Development L i t t l e  Development . Highly Developed 
P a r e n t  M a t e r i a l  Sedimentary  Alluvium G r a n l t i c  Alluvium 
Topographic  P o s i t i o n  A l l u v i a l  Fan Low T e r r a c e  
E l e v a t i o n  3 0 0  F e e t  4 5 0  F e e t  
S l o p e  0-2% 0-2% 
Mean Annual P r e c i p i t a t i o n  1 8  I n c h e s  1 0  I n c h e s  
F r o s t - f r e e  Season 3 0 0  Days 2 9 0  Days 
J a n u a r y  Maximum Temperature  63' F 57' F 
J a n u a r y  Minimum Temperature  38' F 37' F 
J u l y  Maximum Temperature  82' F 100' F 
J u l y  Minimum Temperature  54' F 66' F 

supplemented by fu r row i r r i g a t i o n .  

Sample C o l l e c t i o n  and A n a l y s i s  

T h r e e  c o r e s  were d r i l l e d  a t  e a c h  s i te  u s i n g  a truck-mounted h y d r a u l i -  
c a l l y  d r i v e n  a u g e r ,  Mobile D r i l l  Model B-53, w i t h  a 20-inch l o n g  s p l i t  b a r r e l  
sample r  c o n t a i n i n g  t h r e e  s i x - i n c h  l o n g  s t a i n l e s s  steel l i n e r s .  The s o i l  c o r e  
segments  were removed from t h e  sample r  i n  t h e  s t a i n l e s s  steel l i n e r s .  An 
a d d i t i o n a l  two i n c h e s  of s o i l  lodged i n  t h e  c u t t e r  shoe of t h e  sampler  were 
d i s c a r d e d  when t h e  l i n e r s  were removed from t h e  s p l i t  b a r r e l .  Each s o i l -  
f i l l e d  l i n e r  was covered  a t  b o t h  e n d s  w i t h  a luqinum f o i l  and a p l a s t i c  c a p  
and t h e n  s t o r e d  on d r y  ice. T h i s  method was d e s i g n e d  t o  produce u n d i s t u r b e d  
s o i l  samples  (Za lk in  e t  a l . ,  1984;  Duncan and Oshima, 1985) .  

I n  a d d i t i o n  t o  s o i l  s a m p l e s ,  ground water samples  were o b t a i n e d  whenever 
p o s s i b l e .  When t h e  sample  t u b e  reached  s a t u r a t e d  s o i l ,  t h e  t u b e  was removed 
from t h e  a u g e r  and a ~ e f l o n R  b a i l e r  was a t t a c h e d  t o  t h e  sampl ing a p p a r a t u s  
and lowered i n t o  t h e  h o l e .  Water samples  were s t o r e d  i n  1-liter amber g l a s s  
b o t t l e s  on ice f o r  t r a n s p o r t  t o  t h e  l a b o r a t o r y .  The b a i l e r  was r i n s e d  w i t h  
70% i s b p r o p a n o l  between u s e s .  

S o i l  samples  were t a k e n  t o  t h e  U n i v e r s i t y  o f  C a l i f o r n i a ,  R i v e r s i d e ,  
where t h e y  were s p l i t  i n t o  t h r e e  s e c t i o n s  u s i n g  a h y d r a u l i c  p r e s s .  The 
p o r t i o n  i n t e n d e d  f o r  p e s t i c i d e  a n a l y s i s  was c o l l e c t e d  i n  a p i n t  g l a s s  jar ,  
covered  w i t h  f o i l ,  capped,  and s t o r e d  i n  a f r e e z e r  a t  -20°C u n t i l  a n a l y s i s .  
A second p o r t i o n  was used  f o r  d e t e r m i n a t i o n  o f  g r a v i m e t r i c  water c o n t e n t .  
The pH of t h e  t h i r d  p o r t i o n  o f  mois t  s o i l  was measured u s i n g  a f l a t - s u r f a c e  
e l e c t r o d e .  The s o i l  was t h e n  a i r  d r i e d  and hydrometer  p a r t i c l e - s i z e  a n a l y s i s  
was performed u s i n g  25 g o f  d r y  s o i l  (Day, 1965; F l o r y  e t  a l . ,  1984) .  



Table '2 .  Appl lcat lon of p e s t i c i d e  and water  t o  t h e  5 s tudy s i t e s  dur ing t h e  

1984-85 growing season. 

Locet lon a 
Water Applied 

and Herbicides Appl icat ion Amount I r r i g a t i o n  
S i t e  No. Applied Date Applied Method Rain I r r l g a t i o n  T o t a l  

( l b s l a c r e )  (acre-f eet  
Ventura County 

S i t e  1 Bromacll 9/8h 2 Drf p-ln- 0.97 0.19 1.16 
Diuron 9/84 2 Fur row 

S i t e  2 Bromacl l 11/84 2 Fur row 0.68 0.50 1.18 
Diuron 11/84 2 

S i t e  3 Simazlne 11/84 2.8 Furrow 0.68 . 0.67 1.35 

Tula re  County 

S i t e  4 Diuron 11/84 2 Fogger 0.70 0.26 0.96 
3/85 2 

Simazlne 11/84 2 

3/85 2 

S i t e  5 Diuron 10/22/84 1.7 H i s t o r i c a l l y  0.70 0.14 0.84 
3/1/85 1.1 furrow with  

Sfmazfne 10/22/84 2.1 fogger  added 

3/ 1/85 i n  1984 

a 
For t h e  period between t h e  f a l l  a p p l i c a t i o n  of h e r b i c i d e  i n  each s i t e  t o  t h e  d a t e  
of our  s p r i n g  s o i l  sampling. 

Organ ic  ca rbon  c o n t e n t  was de te rmined  by t h e  ' w a l k l e y - ~ l a c k  d ichromate  ox ida-  
t i o n  method (Nelson and Sommers, 1982) .  

A l l  p e s t i c i d e  a n a l y s e s  t o  d a t e  have been performed by t h e  Chemist ry  
L a b o r a t o r y  S e r v i c e s  Uni t  of t h e  Department of  Food and A g r i c u l t u r e  a t  t h e  
U n i t ' s  main l a b o r a t o r y  i n  Sacramento.  S o i l  samples  were e x t r a c t e d  w i t h  
e t h y l  a c e t a t e  and evapora ted  t o  n e a r  d r y n e s s .  For s i m a z i n e  r e s i d u e  a n a l y s i s  
t h e  e x t r a c t  was d i s s o l v e d  i n  methanol  and a n a l y z e d  by g a s  chromatography 
u s i n g  a n i t r o g e n  s p e c i f i c  d e t e c t o r .  E x t r a c t s  f o r  a n a l y s i s  of d i u r o n  and 
b romac i l  r e s i d u e s  were d i s s o l v e d  i n  a c e t o n i t r i l e  and ana lyzed  by HPLC 
w i t h  v a r i a b l e  wavelength UV d e t e c t i o n .  Water samples  were ana lyzed  by 
HPLC and GC w i t h  a t h e r m i o n i c  s p e c i f i c  d e t e c t o r .  P e s t i c i d e  l e v e l s  a r e  
r e p o r t e d  i n  p a r t s  pe r  b i l l i o n  (ppb)  i n  b o t h  s o i l  and w a t e r  on a w/w b a s i s .  



Well Water Samples 

.Prior t o  sampling, well logs were obtained from the s t a t e  Department 
of Water Resources. I n  Tulare County, ten wells  which had surface sani tary  
sea l s  and were l e s s  than 150 f ee t  deep were sampled w i t h i n  'a 2.5 mile square 
centered around the core s i t e s .  We a l s o  sampled two unsealed i r r i ga t i on  
wells  belonging t o  one of our o r ig ina l  cooperators. These wells were located 
near the  groves i n  which we took s o i l  samples. 

Before any water was collected from a wel l ,  the  pump was allowed t o  r u n  
f o r  a  period su f f i c i en t  t o  f lush  out the  casing volume three times. Water 
samples were taken from a faucet or  Schrader valve close t o  the  well and 
before the  storage tank, i f  pos i b l e .  Samples were collected i n  one-l i ter  
amber g lass  bo t t l e s ,  and Teflon or s t a i n l e s s  s t e e l  t u b i n g  was used t o  con- 
nect the  valve or  faucet t o  the  sample b o t t l e  when necessary. Fi l led 
bo t t l e s  were covered with f o i l ,  capped, and s tored on ice .  

Results and Discussion 

Characterization of Sampling S i t e s  

The Santa Clara River Valley has warm weather year round, w i t h  occa- 
s ional  f r o s t  i n  the winter but with an average January high temperature of 
63OF. Summer highs a r e  commonly between 80' and 90°F, with night and morn- 
ing fog from May through August. Most r a i n f a l l  occurs during the months of 
November through March. Rainfall  can vary from as  low a s  8 inches t o  as  h i g h  
a s  37 inches i n  one year, with an average of 18 inches. The annual f ro s t -  
f r ee  season is 300 days (Table 1 ) .  

The surface s i x  inches of s o i l  a t  the  coas ta l  basin s i t e s  ccntained 
approximately 35% sand, 41% s i l t ,  and 24% c lay ,  with an average organic car-  
bon content of 2.3%. Organic carbon generally decreased with depth, b u t  
remained near one percent throughout the  sampling depth. A l l  three  s i t e s  had 
one or  more lenses of sandy material  i n  the subsurface, and the clay content 
was below 45% i n  a l l  samples. So i l  pH was c lose  t o  neutral  throughout 
(Figures 2 ,3 ,  and 4) .  

The c i t r u s  growing regions of the  San Joaquin Valley of California have 
cool wet winters with dense fog common i n  December and January. Most of the  
yearly r a i n f a l l  occurs between October and April with mean annual precipita-  
t ion of 10 inches. Freezing temperatures occur infrequently during the  
winter months. Summers a r e  hot and dry,  and high temperatures over 100°F 
a r e  common. The f ros t - f ree  season averages 290 days (Table 1 ) .  

P a r t i c l e  s i ze  analysis  revealed average sand, s i l t ,  and clay contents 
of 46.22, 32.02, and 21.8%, respect ively ,  i n  the  top six-inch segment of 
s o i l .  Although both s i t e s  were mapped a s  San Joaquin loam, 0  t o  2  percent 
slope,  s i t e  5  had a  marked increase i n  c lay ,  moisture, and organic carbon 
content a t  20 inches, while s i t e  4  decreased i n  clay and organic carbon a t  
the  same depth. S i t e  4,  which received an appl icat ion of manure and sewage 
sludge, had an organic carbon content greater  than 5% i n  the top s i x  inches, 
dropping off  rapidly t o  an average of l e s s  than 0.3% below 12 inches. A t  
s i t e  5 ,  where no orgarlic matter was added t o  the  s o i l  surface,  the  organic 
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F i g u r e  2. S o i l  p r o p e r t i e s  to  a d e p t h  of 17 feet  a t  s i t e  1 ,  Ven tu ra  County.  

c a r b o n  c o n t e n t  was v e r y  low t h r o u g h o u t  t h e  p r o f i l e ,  w i t h  t h e  e x c e p t i o n  o f  
a b u l g e  f rom 20 t o  5 0  i n c h e s  where  o r g a n i c  c a r b o n  ranged f rom 0 . 4  t o  0.9% 
( F i g u r e s  5 and 6 ) .  

A t  s i t e  5 ,  m o i s t u r e  and c l a y  p r o f i l e s  r e f l e c t e d  t h e  same p a t t e r n  a s  
o r g a n i c  c a r b o n .  P a r t i c l e  s i z e  a n a l y s i s  o f  s a m p l e s  from s i t e  4  i n d i c a t e d  no 
a c c u m u l a t i o n  of  clay a t  t h e  2 0  t o  50 i n c h  d e p t h .  I t  h a s  l o n g  been common 
p r a c t i c e  t o  r i p  t h e  s o i l  b e f o r e  p l a n t i n g  trees i n  t h i s  r e g i o n ,  and t h e  pro-- 
cess o f  r i p p i n g  mixes  t h e  s o i l  h o r i z o n s .  T h i s  c o u l d  a c c o u n t  f o r  t h e  low 
c l a y  p e r c e n t a g e  above t h e  h a r d p a n  i n  s i t e  4 ,  o r  i t  c o u l d  s i m p l e  be t h e  
r e s u l t  o f  I.oca1 v a r i a b i l i t y .  A t  b o t h  s i t e s  s o i l  pH s t a y e d  n e a r  n e u t r a l  
t h r o u g h o u t  t h e  p r o f i l e .  

Compar ison between b a s i n s  

I n  t h e  c o a s t a l  b a s i n  ( s i t e  3 )  s i m a z i n e  was r e c o v e r e d  from t h e  t o p  8 6  
i n c h e s  o f  t h e  s o i l  p r o f i l e .  The  h i g h e s t  c o n c e n t r a t i o n  was i n  t h e  0-6 i n c h  
s e g m e n t ,  a v e r a g i n g  230 ppb ( T a b l e  3 ) ,  f o l l o w e d  by a r a p i d  d e c r e a s e  i n  con- 
c e n t r a t i o n  w i t h  d e p t h  t o  n e a r  2 ppb i n  t h e  80-86 i n c h  segmen t ,  S i t e  5,  t h e  
c o m p a r a b l e  i n l a n d  l o c a t i o n ,  a v e r a g e d  on 87 ppb i n  t h e  s o i l  s u r f a c e ,  w i t h  t h e  
c o n c e n t r a t i o n  d r o p p i n g  below 10 ppb from 6  t o  1 2  i n c h e s  ( T a b l e  3 ) .  Few o f  
t h e  s a m p l e s  from s i t e  5 (7  o f  2 4 ,  o r  29%) c o n t a i n e d  any s i m a z i n e ,  a t  a n  MDL 
o f  5 ppb,  i n  t h e  upper  5 2  i n c h e s  o f  t h e  p r o f i l e ,  w h i l e  s i m a z i n e  was d e t e c t e d  
i n  18 of  22 (82%) o f  t h e  0-52 i n c h  s a m p l e s  f rom s i t e  3. Dur ing  t h e  s o i l  
c o r i n g  p r o c e s s  i n  A p r i l  1 9 8 5 ,  ground w a t e r  s a m p l e s  were c o l l e c t e d  from t h e  
T u l a r e  County si tes a t  2 8  f e e t .  The  a v e r a g e  s i m a z i n e  c o n c e n t r a t i o n  i n  ground 
water a t  s i t e  5 was 0 . 9  ppb. 

Mass b a l a n c e  c a l c u l a t i o n s ,  based  on a  b u l k  d e n s i t y  o f  1.52 c/cm3, were  
made f o r  b o t h  s i t es  t o  compare t h e  amount o f  s i m a z i n e  t h a t  was r e c o v e r e d  t o  
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F i g u r e  3 .  S o i l  p r o p e r t i e s  t o  a  d e p t h  o f  40 f e e t  a t  s i t e  2 ,  Ven tu ra  County .  

t h e  amount o r i g i n a l l y  a p p l i e d .  I n  V e n t u r a  Coun ty ,  s i m a z i n e  was a p p l i e d  a t  a 
r a t e  o f  2 . 8  l b  a c t i v e  i n g r e d i e n t  ( a i )  p e r  a c r e  ( 3 . 1 4  kg /ha )  i n  November 1984 
w h i l e  0 . 7  a i / a c  ( 0 . 8 k g l h a )  was r e c o v e r e d  f rom t h e  s o i l  s a m p l e s  c o l l e c t e d  i n  
A p r i l  1 9 8 5 , ' f i v e  months  l a t e r .  The amount o f  s i m a z i n e  r e c o v e r e d  was 25% of  
t h e  amount a p p l i e d .  I n  T u l a r e  Coun ty ,  2 . 1  and  1 . 4  l b  a i / a c  ( 2 . 3 5  a n d  1 . 5 7  
kg /ha )  were a p p l i e d  i n  November 1 9 8 4  a n d  March 1 9 8 5 ,  r e s p e c t i v e l y ,  and 0 . 2 2  
l b  a i /ac  (0 .25  k g / h a )  was r e c o v e r e d  f rom t h e  s o i l  c o r e s  t a k e n  i n  A p r i l  1 9 8 5 ,  
a p p r o x i m a t e l y  one  month a f t e r  t h e  s p r i n g  a p p l i c a t i o n .  Based on t h e  t o t a l  
amount o f  s i m a z i n e  a p p l i e d  d u r i n g  t h e  s e a s o n ,  6 .4% o f  t h e  s i m a z i n e  was r ecov-  
e r e d ,  b u t  based  o n l y  on  t h e  s p r i n g  a p p l i c a t i o n  t h e  r e c o v e r y  rate was 1 6 . 1 % .  

Much less s i m a z i n e  was r e c o v e r e d  i n  s o i l  f rom t h e  i n l a n d  b a s i n  t h a n  i n  
t h e  c o a s t a l  b a s i n .  T h i s  d i f f e r e n c e  c a n n o t  b e  t h e  r e s u l t  o f  d i f f e r e n c e s  i n  
amount of  water a p p l i e d ,  b e c a u s e  t h e  i n l a n d  si tes r e c e i v e d  less w a t e r  ( i r r i -  
g a t i o n  p l u s  r a i n f a l l )  t h a n  t h e  c o a s t a l  si tes d u r i n g  t h e  p e r i o d  be tween f a l l  
h e r b i c i d e  a p p l i c a t i o n  and s o i l  s a m p l i n g  ( T a b l e  2 ) .  Assuming f i r s t  o r d e r  
k i n e t i c s ,  t h e  s o i l  h a l f - l i f e  o f  s i m a z i n e  i n  t h e  c o a s t a l  b a s i n  was 7 0  d a y s ,  
b a s e d  on  o u r  c a l c u l a t e d  r e c o v e r y  r a t e .  T h i s  a g r e e s  r e a s o n a b l e  well w i t h  
p u b l i s h e d  v a l u e s  ( T a b l e  4 ) .  The h a l f - l i f e  and  t h e  o r g a n i c  c a r b o n  c o n t e n t  of 
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F i g u r e  4 .  Soi l  p r o p e r t i e s  t o  a d e p t h  o f  40 f e e t  a t  s i t e  3 ,  V e n t u r a  C o u n t y ,  

t h e  c o a s t a l  s o i l  i n d i c a t e  t h a t  m i c r o b i a l  a n d  c h e m i c a l  d e g r a d a t i o n  c o u l d  
a c c o u n t  f o r  t h e  d i s a p p e a r a n c e  o f  s i m a z i n e  f r o m  t h e  p r o f i l e .  

I n  c o n t r a s t ,  t h e  c a l c u l a t e d  h a l f - l i f e  f o r  s i m a z i n e  i n  t h e  i n l a n d  b a s i n  
was 1 6  d a y s ,  a v a l u e  t o o  l o w  f o r  d i s s i p a t i o n  t o  be a t t r i b u t e d  s o l e l y  t o  
m i c r o b i a l  d e g r a d a t i o n .  The  p r e s e n c e  o f  s i m a z i n e  i n  g round  water, a l o n g  w i t h  
t h e  l ow  o r g a n i c  c a r b o n  c o n t e n t  a n d  s a n d y  s u b s o i l ,  s u g g e s t  t h a t  i n  t h e  i n l a n d  
b a s i n  l e a c h i n g  was a n o t h e r  a v e n u e  f o r  l o s s  o f  t h e  c h e m i c a l  f r om t h e  s y s t e m .  

Compar i son  o f  h e r b i c i d e s  

S i m a z i n e ,  b r o m a c i l ,  a n d  d i u r o n ,  a l l  o f  wh ich  w e r e  a p p l i e d  t o  s i t e s  i n  
t h e  c o a s t a l  g round  w a t e r  b a s i n ,  w e r e  d i s t r i b u t e d  i n  d i s t i n c t l y  d i f f e r e n t  
p a t t e r n s  i n  t h e  s o i l  p r o f i l e  ( T a b l e  3 a n d  5 ,  c o m p a r i s o n  o f  f u r r o w - i r r i g a t e d  
s i t e s ) .  A l t h o u g h  i t  mus t  be n o t e d  t h a t  e a c h  p e s t i c i d e  had a d i f f e r e n t  m i n i -  
mum d e t e c t a b l e  l e v e l  (MDL),  s o  t h a t  c o m p a r i s o n s  were l i m i t e d  by t h e  p e s t i c i d e  
w i t h  t h e  h i g h e s t  MDL, t h e  d i f f e r e n c e  be tween  s i m a z i n e  a n d  d i u r o n  was mos t  
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Figure 5. Soil properties t o  a d e p t h  o f  28 f e e t  a t  s i t e  4 ,  T u l a r e  C o u n t y .  

o b v i o u s .  The  a v e r a g e  c o n c e n t r a t i o n  o f  d i u r o n  i n  t h e  t o p  6 i n c h e s  a t  s i t e  2  
was  660 ppb  ( T a b l e  5 ) .  D i u r o n  was n o t  d e t e c t e d  be low  1 2  i n c h e s  a t  a n  MDL o f  
10 ppb.  The  amount  o f  d i u r o n  r e c o v e r e d  f r o m  t h e  s o i l  was e q u a l  t o  1.38 I b s  
a i /acre ,  o r  68% o f  t h e  2 . 0  l b s  a i / a c r e  a p p l i e d  i n  November 1984 .  I n  con-  
t r a s t ,  a t  s i t e  3, 1 4  o u t  o f  2 2  s e g m e n t s  a b o v e  5 2  i n c h e s  c o n t a i n e d  more  t h a n  
10 ppb  s i m a z i n e  ( T a b l e  3 ) .  

B r o m a c i l ,  w i t h  a n  MDL o f  2 0  p p b ,  a p p e a r e d  d e e p e r  i n  t h e  s o i l  p r o f i l e .  
t h a n  d i u r o n ,  b u t  n o t  a s  d e e p  a s  s i m a z i n e .  T h e  a v e r a g e  c o n c e n t r a t i o n  o f  
b r o m a c i l  was  2 2 3  ppb  i n  t h e  t o p  1 2  i n c h e s  a n d  9 2  ppb f rom 1 2  t o  18 i n c h e s .  
No b r o m a c i l  was d e t e c t e d  be low  3 2  i n c h e s ,  b u t  b e c a u s e  o f  m i s s i n g  d a t a  a n d  
t h e  h i g h  MDL t h e s e  r e s u l t s  mus t  b e  i n t e r p r e t e d  c a u t i o u s l y .  R e s u l t s  o f  w e l l  
s a m p l i n g  i n  V e n t u r a  Coun ty  (MDL = 0.1 p p b )  may d e m o n s t r a t e  w h e t h e r  b r o m a c i l  
is moving  d e e p e r  i n  t h e  p r o f i l e  t h a n  s o i l  a n a l y s e s  i n d i c a t e .  

T h e  o r d e r  o f  m o b i l i t y  i n  t h e  c o a s t a l  b a s i n  s o i l  a p p e a r e d  t o  b e  s i m a z i n e  
> b r o m a c i l  > d i u r o n .  The  r e l a t i v e l y  s m a l l  d i f f e r e n c e s  i n  a m o u n t s  o f  w a t e r  
a p p l i e d  c o u l d  n o t  h a v e  a c c o u n t e d  f o r  t h e  d i f f e r e n c e s  i n  movement ( T a b l e  2 ) .  
A l t h o u g h  s i m a z i n e  was  a p p l i e d  a t  h i g h e r  rates t h a n  e i t h e r  o f  t h e  o t h e r  com- 
p o u n d s ,  i ts s o i l  h a l f - l i f e  a n d  water s o l u b i l i t y  are s i g n i f i c a n t l y  l o w e r .  
B r o m a c i l  h a s  t h e  l o w e s t  Kd a n d  KO, v a l u e s ,  w h i c h  i n d i c a t e s  t h a t  b r o m a c i l  h a s  
t h e  l eas t  a t t r a c t i o n  t o  s o i l  c o m p o n e n t s  o f  t h e  t h r e e  h e r b i c i d e s  ( T a b l e  4 ) .  
One would  e x p e c t ,  t h e r e f o r e ,  t o  f i n d  b r o m a c i l  a t  g r e a t e r  d e p t h s  t h a n  d i u r o n  
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F i g u r e  6 .  S o i l  p r o p e r t i e s  to a d e p t h  of 28 f e e t  a t  s i t e  5, T u l a r e  County.  

o r  s i m a z i n e .  I t  a p p e a r s  t h a t  p a r a m e t e r s  s u c h  a s  Kd need t o  be  c a l c u l a t e d  
d i f f e r e n t l y  t o  r e f l e c t  f i e l d  c o n d i t i o n s ,  o r  t h a t  f a c t o r s  o t h e r  t h a n  p e s t i c i d e  
c h e m i s t r y  and s o i l  d e g r a d a t i o n  r a t e  a r e  i n v o l v e d  i n  d e t e r m i n i n g  r e l a t i v e  
m o b i l i t y .  

E f f e c t  o f  i r r i g a t i o n  method on p e s t i c i d e  movement: C o a s t a l  b a s i n  

Both  t h e  f u r r o w - i r r i g a t e d  f i e l d  (s i te  2 )  and d r ip - in - fu r row i r r i g a t e d  
f i e l d  ( s i t e  1) r e c e i v e d  a p p r o x i m a t e l y  e q u a l  amounts  o f  w a t e r  d u r i n g  t h e  
p o s t - h e r b i c i d e  a p p l i c a t i o n  p e r i o d  ( T a b l e  2 ) .  The two s i t es  showed s i m i l a r  
d i s t r i b u t i o n s  o f  t h e  a p p l i e d  h e r b i c i d e s :  most  of  t h e  d i u r o n  o c c u r r e d  i n  t h e  
t o p  1 2  i n c h e s ,  w h i l e  s i g n i f i c a n t  amounts  of  b r o m a c i l  were r e c o v e r e d  from t h e  
12-26 i n c h  s e c t i o n  ( T a b l e  5).  N e i t h e r  b r o m a c i l  n o r  d i u r o n  was d e t e c t e d  i n  
ground water s a m p l e s  o b t a i n e d  a t  17  f e e t  from t h e  d r i p - i n - f u r r o w - i r r i g a t e d  
s i t e .  However, a g r e a t e r  amount o f  b r o m a c i l  and d i u r o n  was r e c o v e r e d  from 
t h e  s o i l  s amples  from s i t e  1 t h a n  f rom s i t e  2 (68.6% of t h e  b r o m a c i l  and 90.2% 
o f  t h e  d i u r o n  f o r  s i t e  1, v e r s u s  55.7% o f  b r o m a c i l  and 68.6% o f  d i u r o n  f o r  
s i t e  2 ) .  I r r i g a t i o n  method may have  a n  i n f l u e n c e  on p e s t i c i d e  d e g r a d a t i o n  
r a t e ,  b u t  t h i s  needs  f u r t h e r  i n v e s t i g a t i o n .  

E f f e c t s  of  i r r i g a t i o n  method: I n l a n d  b a s i n  

I n  t h e  f i e l d  t h a t  was h i s t o r i c a l l y  f u r r o w - i r r i g a t e d  ( s i t e  5 ) ,  ve ry  l i t t l e  
s i m a z i n e  was r e c o v e r e d  ( T a b l e  3 ) .  No s i m a z i n e  was d e t e c t e d  from 32  t o  56 
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Table 3. Dis t r ibu t ion  of aimazine t o  15 f o o t  dept? I n  3 r e p l i c a t e  s o i i  c o r e s  obta ined a t  t h e  c o a s t a l  
s i t e  and a t  t h e  two in land  s i t e s .  

SEGMENT DEPTH 
( INCHES) 

COASTAL SITE 

FURROW IRRIGATION a 
1 2 3 

120d 380 190 
15 5 6 4 5 
- e  N D f  - 
18 20 18 
ND 17 24 
10 3 5 30 
6 6 9 

ND ND 20 
ND 3 8 
- 2 1 

N D 2 6 - ND 5 
ND ND - 
ND ND 2 
- ND ND 

ND N D N D 
ND N D N D 
ND N D ND 
ND ND ND 
ND ND ND 
ND N D ND 
ND ND - 
ND ND N D 
ND N D ND 
ND N D N D 
ND ND ND 
N D ND N D 

I N L A N D  SITES 

FURROW IRRIGATION FOGGER IRRIG@ION 

a c e 
Denoted s i t e  3 i n  t e x t .  Denoted s i t e  4 i n  t e x t .  

d 
No sample 

bDenoted s i t e  5 Ln t e x t .  Values i n  ppb. 'Not d e t e c t e d  a t  5 ppb (0-52") or  1 ppb HDL 
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Tab le  5 .  D i e t r l b u t i o n  of d i u r o n  and b r o m a c ~ l  t o  15 f o o t  dept?' i n  3 r e p l i c a t e  c o r e s  ob ta lned  a t  each 
c o a s t a l  s i t e .  

FURROW IRRIGATION a DRIP-IN-FURROW I R R I G A R O N ~  
SEGMENT DEPTH 

(INCHES) 
DIURON BROMAC 1 L DIURON 

1 2  3 1  2 3 1  2 3 

- 

a Denoted s i t e  2 i n  t e x t .  Values  i n  ppb. Not d e t e c t e d  a t  a n  MDL of 10 ppb f o r  d i u r o n  
Cenoted s i t e  1 i n  t e x t .  NO sample. and 20 ppb f o r  bromacil .  



Table  6. C o n c e n t r a t i o n s  of s i m a z i n e  and d i u r o n  i n  w e l l  water sampled i n  
January  1986 a t  t h e  i n l a n d  b a s i n  l o c a t i o n e .  

- 
Well Number H e r b i c i d e  I n i t i a l  samplinga Conf i rmat ion  Sample 

- 
1 Simazine N.D., N.D. b N.D. 

Diuron N.D.,  N.D. 

2 Simazine N.D.,  N.D. 
Diuron N.D.,  N.D. 

3 Simazine 0.65,  0.78' 
Diuron 0.61,  0.66 

4 Simazine 
Diuron 

Simazine 
Diuron 

6  Simazine 
Diuron 

Simazine 
Diuron 

8 Simazine 
Diuron 

9 Simazine 
Diuron 

10 Simazine 
Diuron 

1  ld Simazine 
Diuron 

1 2d Simazine 
D i  uron 

0.10,  0.20 
N . D . ,  0.10 

0.10 
N.D. 

N.D. 
N.D. 

a R e p l i c a t e  samples  were ana lyzed .  

None d e t e c t e d  a t  MDL of  0 .1  ppb f o r  b o t h  compounds. 

Values  r e p o r t e d  i n  p a r t s  p e r  b i l l i o n .  

Unsealed i r r i g a t i o n  w e l l s .  

Not sampled.  



i n c h e s  a t  a n  MDL o f  5 ppb ,  o r  b e l o w  5 2  i n c h e s  a t  a n  MDL o f  1 ppb.  S i m a z i n e  
was d e t e c t e d  i n  r e p l i c a t e  water s a m p l e s  a t  a p p r o x i m a t e l y  1 ppb.  A t  t h e  s i t e  
t h a t  was h i s t o r i c a l l y  f o g g e r - i r r i g a t e d  ( s i te  4 ) ,  1 t o  2  ppb o f  s i m a z i n e  were 
d e t e c t e d  i n  s e g m e n t s  d i s t r i b u t e d  t h r o u g h o u t  t h e  s o i l  p r o f i l e .  R e p l i c a t e  
g r o u n d  w a t e r  s a m p l e s  c o l l e c t e d  a t  t h i s  s i t e  a t  a d e p t h  o f  2 8  f e e t  c o n t a i n e d  
a p p r o x i m a t e l y  4 ppb  o f  s i m a z i n e .  

T h e  amount  o f  s i m a z i n e  r e c o v e r e d  a t  s i t e  4 was  0.03 l b  a i /ac ( 0 . 0 3  k g /  
h a ) .  Compared t o  t h e  a p p l i c a t i o n  r a t e  o f  2 . 0  l b  a i / a c  ( 2 . 2 4  k g / h a )  i n  
November 1 9 8 4  a n d  a g a i n  i n  March  1985, t h e  amount  r e c o v e r e d  was 0.8% o f  t h e  
t o t a l  a p p l i c a t i o n  f o r  t h e  s e a s o n  a n d  1.5% o f  t h e  s p r i n g  a p p l i c a t i o n .  A l -  
t h o u g h  t h i s  is a l o w e r  p e r c e n t a g e  t h a n  r e c o v e r e d  a t  s i t e  5 (16% of  t h e  s p r i n g  
a p p l i c a t i o n ) ,  b o t h  r e c o v e r y  r a t e s  were l o w  i n  l i g h t  o f  t h e  s h o r t  time 
( a p p r o x i m a t e l y  o n e  month)  b e t w e e n  s p r i n g  a p p l i c a t i o n  and  s o i l  c o r i n g .  T h e  
l o w e r  r e c o v e r y , r a t e  a t  s i t e  4  may h a v e  b e e n  r e l a t e d  t o  t h e  a p p l i c a t i o n  o f  
manure  t o  t h e  s o i l  s u r f a c e :  t h e  e x t r a  o r g a n i c  matter i n  t h e  0 t o  6 i n c h  
s e g m e n t  may h a v e  r e s u l t e d  i n  i n c r e a s e d  a d s o r p t i o n  o f  s i m a z i n e ,  a l l o w i n g  f o r  
a c c e l e r a t e d  d e g r a d a t i o n  o f  t h e  p e s t i c i d e  by m i c r o o r g a n i s m s  i n  t h i s  r e g i o n  o f  
t h e  p r o f i l e  ( B u r g e s ,  1 9 7 0 ) .  However ,  t h e  l o w  s i m a z i n e  r e c o v e r y  a n d  t h e  
d e t e c t i o n  o f  s i m a z i n e  i n  g r o u n d  water i n  b o t h  l o c a t i o n s  i n d i c a t e  t h a t  e i t h e r  
i r r i g a t i o n  method  was c a p a b l e  o f  c a u s i n g  r e d i s t r i b u t i o n  o f  s i m a z i n e  t h r o u g h  
t h e  p r o f i l e .  

H e r b i c i d e  R e s i d u e  i n  Well W a t e r  

To t e s t  o u r  h y p o t h e s i s  t h a t  s i m a z i n e  was t r a v e l l i n g  t h r o u g h  t h e  s o i l  
p r o f i l e  t o  g r o u n d  w a t e r  i n  T u l a r e  C o u n t y ,  we d e c i d e d  t o  s a m p l e  wel ls  i n  t h e  
v i c i n i t i e s  o f  t h e  s o i l  c o r i n g  s i t e s .  A l t h o u g h  t h e  f i r s t  set o f  s o i l  s a m p l e s  
was n o t  a n a l y z e d  f o r  d i u r o n ,  t h e  T u l a r e  Coun ty  c i t r u s  g r o v e s  had  r e c e i v e d  
a p p l i c a t i o n s  o f  t h a t  compound,  a n d  we t h e r e f o r e  c h o s e  t o  a n a l y z e  well s a m p l e s  
f o r  b o t h  s i m a z i n e  and  d i u r o n .  

I n  J a n u a r y  1 9 8 6  t w e l v e  wells i n  T u l a r e  Coun ty  were s a m p l e d .  N ine  o f  t h e  
wells were f o u n d  t o  c o n t a i n  r e s i d u e s  o f  s i m a z i n e ,  d i u r o n  o r  b o t h .  Ten of t h e  
1 2  w e l l s  were r e s a m p l e d  f o r  c o n f i r m a t i o n  i n  March a n d  s e v e n  o f  t h e  t e n  t e s t e d  
p o s i t i v e  f o r  o n e  o r  b o t h  c h e m i c a l s .  A l l  c o n c e n t r a t i o n s  w e r e  less t h a n  2 
p a r t s  p e r  b i l l i o n  ( T a b l e  6 ) .  

Summary 

S o i l  c o r e s  were o b t a i n e d  t o  c o m p a r e  t h e  s o i l  d i s t r i b u t i o n  o f  c i t r u s  
h e r b i c i d e s  i n  a c o a s t a l  g r o u n d  w a t e r  b a s i n  l o c a t . e d  i n  V e n t u r a  C o u n t y ,  C a l i -  
f o r n i a ,  a n d  a n  i n l a n d  b a s i n  i n  T u l a r e  Coun ty .  D a t a  on h i s t o r y  o f  a g r i c u l -  
t u r a l  p r a c t i c e s ,  on  p h y s i c a l  a n d  c h e m i c a l  c h a r a c t e r i s t i c s  o f  s u r f a c e  and  sub-  
s u r f a c e  s o i l ,  a n d  o n  c h e m i c a l  c h a r a c t e r i s t i c s  o f  t h e  h e r b i c i d e s ,  w e r e  
c o l l e c t e d .  

S i m a z i n e  was  d e t e c t e d  t o  a d e p t h  o f  86 i n c h e s  i n  t h e  c o a s t a l  b a s i n .  
The  h i g h e s t  a v e r a g e  c o n c e n t r a t i o n  was  i n  t h e  f i r s t  s i x  i n c h e s  ( 2 3 0  p p h ) ,  
d e c r e a s i n g  w i t h  d e p t h  u n t i l  2.0 ppb  w e r e  d e t e c t e d  i n  t h e  80 t o  86 i n c h  
s e g m e n t .  T h e  amount  o f  s i m a z i n e  r e c o v e r e d  f r o m  s o i l  s a m p l e s  i n d i c a t e d  a  
s o i l  h a l f - l i f e  o f  a p p r o x i m a t e l y  70 d a y s ,  wh ich  a g r e e d  w i t h  p r e v i o u s  estimates 



of  m i c r o b i a l  d e g r a d a t i o n  of s i m a z i n e  i n  s o i l .  The o r g a n i c  c a r b o n  c o n t e n t  o f  
t h e  c o a s t a l  s o i l  was a p p r o x i m a t e l y  2.3% i n  t h e  s u r f a c e  and a round  1% i n  t h e  
s u b s u r f a c e  t o  a  d e p t h  o f  35 f e e t .  T h i s  was p r o b a b l y  t h e  major  f a c t o r  i n  t h e  
o b s e r v e d  d i s t r i b u t i o n  o f  s i m a z i n e .  I n  c o n t r a s t ,  s i m a z i n e  was d e t e c t e d  i n  t h e  
i n l a n d  b a s i n  a t  approx imate ly  1 ppb i n  ground water samples  o b t a i n e d  a t  28  
f e e t .  Much less s i m a z i n e  was r e c o v e r e d  f rom t h e  s u r f a c e  s o i l  (87 ppb i n  . t h e  
f i r s t  s i x  i n c h e s )  and a  more random d i s t r i b u t i o n  was measured even  w i t h i n  t h e  
t o p  18 i n c h e s .  The amount o f  s i m a z i n e  r e c o v e r e d  co r responded  t o  a s o i l  
h a l f - l i f e  of  16. d a y s ,  which i n d i c a t e d  t h a t  l e a c h i n g ,  n o t  m i c r o b i a l  degrada-  
t i o n ,  was a  major  mechanism i n  d i s s i p a t i o n  o f  t h e  compound. The major 
f a c t o r s  c o n t r i b u t i n g  t o  p e s t i c i d e  movement i n  t h i s  a r e a  were t h e  low o r g a n i c  
c a r b o n  c o n t e n t  o f  t h e s e  s o i l s ,  g e n e r a l l y  below 0.5% t h r o u g h o u t  t h e  p r o f i l e ,  
and t h e  p redominan t ly  sandy s u b s o i l .  

The s o i l  d i s t r i b u t i o n  o f  h e r b i c i d e s  a t  t h e  c o a s t a l  s i t e s  i n d i c a t e d  a n  
ordl t r  o f  m o b i l i t y  o f  s i m a z i n e  > b r o m a c i l  > d i u r o n .  Compared a t  t h e  minimurn 
d e t e c t a b l e  l e v e l  f o r  b romac i l  ( 2 0  ppb) ,  d i u r o n  was r e c o v e r e d  a t  a d e p t h  o f  1 2  
i n c h e s ,  b r o m a c i l  t o  18 i n c h e s ,  and s i m a z i n e  was d e t e c t e d  down t o  52 i n c h e s .  
One might  e x p e c t  g r e a t e r  m o b i l i t y  f o r  b r o m a c i l  t h a n  s i m a z i n e  because  b r o m a c i l  
h a s  a  h i g h e r  w a t e r  s o l u b i l i t y ,  l o n g e r  s o i l  h a l f - l i f e  and t h e  l o w e s t  Kd and  
K v a l u e s .  

0 C 

S i m i l a r  d i s t r i b u t i o n s  o f  b r o m a c i l  and d i u r o n  were o b t a i n e d  under  d i f -  
f e r e n t  methods  o f  i r r i g a t i o n  i n  t h e  c o a s t a l  s o i l .  I r r i g a t i o n  method a l s o  
d i d  n o t  a p p e a r  t o  i n f l u e n c e  s i m a z i n e  d i s t r i b u t i o n  a t  t h e  i n l a n d  sites. Thus ,  
g e o l o g i c  f a c t o r s  may o v e r r i d e  c u r r e n t  agronomic  f a c t o r s  i n  d e t e r m i n i n g  s i t e  
s e n s i t i v i t y  t o  p e s t i c i d e  movement and ground w a t e r  c o n t a m i n a t i o n  under  
s p e c i f i c  c r o p p i n g  p a t t e r n s .  The r e l a t i o n s h i p  between p h y s i c a l  p r o p e r t i e s  o f  
s o i l s  and c h e m i c a l  p r o p e r t i e s  o f  p e s t i c i d e s ,  a s  t h e y  r e l a t e  t o  p e s t i c i d e  
m o b i l i t y ,  needs  f u r t h e r  i n v e s t i g a t i o n .  
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